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ABSTRACT 

Two h igh- t ip speed  compressor s tages  were tested w i t h  var ious r o t o r  t i p  

cas ing  t reatment  conf igura t ions  under condi t ions  of undis tor ted  i n l e t  flow, 

t i p r a d i a l  d i s t o r t i o n  and c i rcumferent ia l  d i s t o r t i o n .  The f i r s t  s t age  con- 

s i s t e d  of a 1400 f t / s e c  t i p  speed medium-aspect-ratio r o t o r  p lus  a s t a t o r  

vane row; the  second s tage  had a 1500 f t / s e c  t i p  speed medium-aspect-ratio 

without zero-turning i n l e t  guide vanes. Overal l  performance and s t a l l  

margin were determined f o r  each s t age  conf igura t ion  and i n l e t  condi t ion a t  

7 0 ,  90, and 10% of design speed. Extensive surveys of flow condi t ions  were 

made for t h e  case  of c i rcumferent ia l  d i s t o r t i o n .  I n  addi t ion ,  blade element 

da t a  were obtained when t e s t i n g  w i t h  undis tor ted  and r a d i a l  d i s t o r t i o n  i n l e t  

condi t ions.  

T h i s  r epor t  is the  second of two volumes on the  NASA Task I V  program. 

Contained wi th in  i s  a t abu la t ion  of a l l  blade element da t a  obtained during 

undis tor ted  i n l e t  and r a d i a l  d i s t o r t i o n  t e s t s  of t h e  Task I and Task I1 

stages.  I n  addi t ion ,  the  c i rcumferent ia l  d i s t o r t i o n  flow survey da ta  a r e  

presented for both s tages .  The summary l i s t i n g s  of o v e r a l l  performance 

from Volume I are a l s o  included f o r  reference.  V o l u m e  I,  CR-82862, conta ins  

the techniques and procedure used t o  acquire  the d a t a  and an ana lys i s  and 

d iscuss ion  of the  test r e s u l t s .  
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APPENDIX A - SYMBOLS 

Symbol Descr ipt ion 

A Annulus or Streamtube Area 

C Chord Length of Cyl indr ica l  Sect ion 

Enthalpy-Equivalent Stat ic-Pressure-  
R i s e  Coef f ic ien t ,  i e  f o r  Rotor: 

‘h 

C 
P 

C 
P 

D 

J 

Kb 1 

M 

N 

192 

Static-Pressure-Rise Coeff ic ien t ,  i e  
f o r  Rotor: 

P2 - P1 c =  
P I ’ -  P1 

Spec i f i c  Heat a t  Constant Pressure,  0.2399 
Btu/lb- O R  

Diffusion Factor :  

U n i t s  

2 i n .  

i n .  

Acceleration Due t o  Gravity,  32.174 f t / s ec2  

Incidence Angle ; Difference Between Flow deg 
Angle and Camber Line Angle a t  Leading Edge 
i n  Cascade Pro jec t ion  

Suction Surface Incidence Angle, Difference deg 
Between Flow Angle and Leading Edge Suction 
Surface 

Mechanical Equivalent of H e a t ,  778.161 
f t- l b  /B t u .  

E f fec t ive  Area Coeff ic ien t  Due t o  Wall 
Boundary Layer  Blockage 

Mach Number 

Rotat ional  Speed 



APPENDIX A - SYMBOLS (Continued) 

Symbol 

P 

Description Units 

p s i a  

ps ia  

i n .  

i n .  

To ta l  or Stagnat ion Pressure 

S t a t i c  Pressure P 

Radius r 

Mean Radius, Average of Streamline Leading 
and T r a i l i n g  Edge Radii 

OR 

OR 

f t / s e c  

f t / s e c  

lbs/sec 

i n .  

deg 

T To ta l  or Stagnat ion Temperature 

S t a t i c  Temperature t 

U 

V 

Rotor Speed 

A i r  Velocity 

Weight Flow 

Displacement Along Compressor Axis 

Flow Angle; Angle Whose Tangent is  the  Rat io  
of Tangential  t o  Axial Velocity 

AB Flow Turning Angle, A B  = - Bz 

Y 

Yo 

Ratio of Spec i f i c  Heats 

Blade-Chord Angle (Stagger) ,  Angle i n  Cascade 
Pro jec t ion  Between Blade Chord and Axial 
Direct ion 

6 

60 

/14.696 ps i a  'Actual Pressure Correct ion,  

Deviation Angle, Difference Between Flow 
Angle and Camber Angle a t  T r a i l i n g  Edge 
i n  Cascade Project ion 

Slope of Meridional Streamline 

Eff ic iency  

/518.7OR TAc tua  1 Temperature Correction, 

Circumferential  Pos i t i on  From Top Center 
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APPENDIX A - SYMBOLS (Continued) 

Symbol 

KO 

icosp2 
20 

Subsc r ip t s  

ad 

an 

d 

e 

i d  

j 

m 

P 

S 

ss 

Descript ion Uni t s 

Angle Between Tangent t o  Blade Meanline and deg 
t h e  Axial Direct ion 

S o l i d i t y ,  Rat io  of Chord t o  Blade Spacing --- 

--- Tota l  Pressure Loss Coeff ic ien t  

P2 lid - P z l  - P -P - 
Rotor: w ' =  P1 , IGV/Stator: w = 

Pl -P1 PI - 

--- Tota l  Pressure Loss Parameter 

Adiabatic 

Annulus 

Downstream Measurement S t a t i o n  (Table 111) 

Edge oi Blade (Figure 7 )  

I d e a l  

Immersion 

Meridional Direct ion 

Polytropic  

Measurement S t a t i o n  (Figure 7) 

Suction Surface 

T i p  a t  S t a t i o n  1.0 

Upstream Measurement S t a t i o n  (Table 111) 

Axial Di rec t ion  

Tangent ia l  Di rec t ion  
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APPENDIX A - SYMl3OLS (Concluded) 

Subscr ip ts  Descr ipt ion 

1 Leading Edge 

2 T r a i l i n g  Edge 

0.01 Measurement S t a t i o n  Designation, Vehicle I n l e t  

0.18 Measurement S t a t i o n  Designation, IGV I n l e t  

0.95 Measurement S t a t i o n  Designation, Rotor I n l e t  

1.51 Measurement S t a t i o n  Designation, S t a t o r  I n l e t  

2.20 Measurement S t a t i o n  Designation, Stage Discharge 

Super s c r i p t s  

I 

* 

Descript ion 

Rela t ive  t o  Rotor 

C r i t i c a l  Flow Condition 
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APPENDIX C 

LISTING OF TASK I STAGE UNDISTORTED 
INLET BLADE ELEMENT DATA 
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APPENDIX E 

LISTING OF TASK I STAGE CIRCUMFERENTIAL 
DISTORTION FLOW SURVEY DATA 

363 



3 
0 
-Ip1 
L-I 

W -z 
-I4 
w a 

364 



m 
m 
U 

U 

ul 
0 
-I 
In 

a 

r. 
01 r- 
n 
d 

In 
3 

R 
4 

- 
a 

0 

Y Y  

. - . . -  n 

m 
rl 

d 
r. 

I 
U 
U 
TI . -  
a 

- 2  
-I 
w 
IL 

t I- 

-Ju 
w o  
U J  

W 
5 

-- 

365 



Y 
d m  
m 

n 
0 

0 

o n  

0 z 
-7  

0 0  
2 -  

VI 
w u  
I L" 

A S  
- a  
n- a 

NNNNNNNNNNNN 
NNNNNNNNNNNN 
5 --.-..-. ...-.---. 
0 0 0 0 0 0 0 0 0 D 0 0  
aaQQQQQQaaQa 
h P I h C h h I - h r . C C C  

366 



0 z 
0 

t v  
U 
S 

m x  
n- 

v) 

I 
0 
t 
z -  

0 
.Z 

-1 
UI a 

t - -  
rl ..& 

C S  

O W  cc 
I) 

- 
Y 
v) s 
i UI 

-3 
+VI 
0- 
CUI 

a 

a a 

NNNNNNNNNNNN 

.* 5 . ,. . .. .. . ..* .- 
000000000000  
r(d d.4 rrrl dr(Mr(r(rr 

ddrlddrld.+.+rrdrr 

nn nnnnnnnn nn 

nnnnnnnnnnnn 

367 



0 z 
Y) 
m x  
-xu 

6 
T. 

ii 
w 

v) 

m o m o n  Q . . I P . ~  YI o m  
Q Q Q  Q O h P .  Or.* 

0 0 0 0 0  00 00  0 0  0 

d d D Q N 9 h N d O d d  ............ 

W ~ P  m n m ~ ~ * m  n e w  
d D h t r l d o d t O N N  
m c r. h o w r . m m ~ m  (D 

0 0 0 0 0 0 0 0 0 0 0 0  
............ ntrnoodnr .+do 

d m  o m  o olr. o m  m N o 

~ N h n O N O m N a r l D  
h.0 n o t m *  o o n m m  
Q Q ao 0 Pinhr. Q Q Q  

............ 
> w > 
Qc 
2 
v) 

n o  N o o m n  09-m o 
N o m  90. ooo Q dn n 
m m o m o r . m a m o o o  

v) 
I- 

v) 
E: 

0 - n V 
z)L 
a#- * -  

0 
- 0  
dd 
LUW 
a w  

h ~ t ~ h d o ~ m m h m ~  
o m  t-c r- ON o m  o n  N 
m r . n o m o n e ~ h r l o  
m m m m  e m  rta o. 01 0. 
y\ n m m m  Q in nn in 

............ 

UJ 
a 
L 

D I U  
4 u c  

b-rn 
I-W 

a -3 
arn 
oa n 

Y 
v) s 

r.r.h br. r.r.hhhhh 
NNNNNNNNNNNN ............. 
r.hr.I.r. hr.r.r.r.hI. 
000000000000  
drldrlrldrlrl.+ddd 

m m m m m m m m m m m b  Y m * z  
D O  00 o 00 0 0  ao o 

m m  I n i n m m m I n m  u . m m  
d- h U n O o . w a m d w  

0 0 00 0 0 0 0 0  0 0  0 ............ 
d rlrlrlNN NnP) 

2 
0 

uc 
a -  
-m 
00  

.M 

a 

368 



Wur  
a w  

PIhQ n Nm - . .  
OI. N 
*In 
m n y I  

369 



d 

c-c t a n o o  o m  w t 
I C d N O O O n N d h 1  

d 0 O Q O D  o d m  H .i 
- - . - - . - - . . .  

I C P N N ~ ~ P N O ~ ~  
~ ~ ~ ~ h o n a h m m w m  

I 
U 
U r-- 

0 
.Z 
-I 
w 
a 

-Iu 
U O  
a 2  

u1 
> 

u 
Z t  
Uh- 
e-- 
0 
-0 
-I-I 
w w  u w  

370 



0 z 
M 

- 0  
4 
t 

m s  

z I- 

-1- u u  
-0  
x-t 
ULU w 

> 
I- - 

r n L I  
U - t  

Lu > 
m o  

I 
0 
dyf 
L-l 

(3 
Inz 
m a  
U 

-a + x  
O W  +I- 

W UCr 
-3 
I-m 
Uv) 
I-UJ 

a. 
m a  

W 

-3 *v)  

OIn 
)-W 

a 

a 
a 

t 
0 

U +  R -  
-In 
U O  

P 

.- 

37 1 



0 
t 

n 
* € a  
U 
X 

m x  

Q Q n t N P n I - C O Q m  
n n w o ~ m w d r r n n  
.....I > + e . . ) .  

NNNNNddNNNNN 

m 
a 
m 
I 

> 
t 

A U  
W O  
a A  

W w 

-- 

372 



N 
m 
d * 

U 

UI 
Q 
0 
-I rn 

0 
N 
t 

h 
d 

I 

v) 

2 
n 
a U 

rl 
!3 
m a -  
b ?  

> I- 

m u  
- 

z z  
Y 2. 

373 



0 z 
LI) 

4 0  
< 
I 

m x  

0 z 

374 



0 
a 
m 
4 

ll 

UI 

0 
J 
rn 

a 

0 
4 
Q 

0 

I 

rn 
2 
n 
a 
4 

-z 
0 0  
t- 

m 
UIU 
2 ut 
4 X  
-IT n- 

NNNNNNNNNNNN NNNNNNNNNNNN 
- % -  * .  .....a 
0 0 0 0 000000 00 

b b b b b C C b C C C C  
Q a a a Q Q  a a OQ Q Q 

375 



O O I n - r h O  o-rnotr. 
o a o m n w o o n m P P  * i. I .  . . I z * i4 -. .L 
rnnnnnntnnnn 

0 z 
m 
Q U  

4 
S 

m r  

I 
0 
U x!- 

0 
- 2  
2 
w a 

o d O l n N W r - - l o O b P  
t t n ,+wan ONOO N- 
0 0 E O D . O O Q U 0 0 0  

...I* d ...I 0 0 0 0 0 0 .d d 
. . . - - .  - - - - . -  > 

9- 

-I- U U  -0  

Y-l 
u w  2- 

n 
- >  

O I -  
t -  

m u  
4-1 

Y w  > 
Lu 
0 
2 In 

m 

m o  

a 

I 
0 
AUI 
L-l 

0 
Inz 
m u  
a. 

t 
t 

-IV 
w o  

UI 
5 

-I 

a 2  

c9 

v) 

0 

z 
a 
N 
I 
VJ 
I- 

V J  
o, 
n 

Y 
v) 

z NNNNNNNNNNNN nnnonnnonynn 
, . . & I . * .  .. 
0 0 0 0 0 0 0 0 D 0 0 D  
d d d d d 4 d d d d d d  
nnnnnnnnnnnn 
ddddd.-rdddddd 

o n m m  N I - ~ ) L O ~ O O O  

d ~ d d o n t t  MNNN 

b O W  Q ID W 0.0 0 N 0 0 . . . . . . . . . - . . 
N Q I N W  NNCWNN(.WCU 

. .. 
d o m  

CUI 
V I  a a - 
0 z 

t 
0 

U C  
m -  
-In 
u o  

-I 

a 

0 0 0 0 0 0 0 0 0 0 0 0  
000D00000000 _ _ . . - . . .  -... 
n n n n n n n t m n m n m  
d ~ c - o n e - o n m d t  

d r l d d ~ w ~ n n  

376 



0 z 

t u  
< 
S 

m 
m i  

> + 
2- <CY 
- 0  
%-I 
1101 w 

t I- ..- 
m u  
m o  
4 2  

Lu 
2- 

I 
0 
- J W  
(LA 

CI 
cnz 
< m u  

-a 
I-s 
OLU 
+a- 

YI 

-3 
r-v) (VI 
c w  

u a  

mpT 

Lu 

-3 
I-v) 
0- 
+ L u  

0 
P 

a 

z 
0 

LI e 
0 -  
-v) 
0 0  

_- 
n 

m rln w o a  o oao n o 
~ o o n d t n w  o n m o o  
h b ~ . n ~ m r . r n r - ~ b m  
O O O O O O O ~ O O O O  

m oo coco do n m +  P rl m m m m o  rl ..I o o m  9) m . -  . . . . . .  - . . .  
- + . - 4 d d O N N n - d + . - 4  
W N N N N N N N N N N N  

O O O O O O O O O O O O  
0 0  0 0 0  0 0 0 0 0  a 0 - . . I . . . . . . . . 
-4 * r. ..m .2 v N,,. .F .. * 

*1...4 ..id Ri N h c, I- 
YI m m m m  w m m IO w u\ m 

0 
0 .  

= E -  
f 

(Y a 

377 



0 z 
m 
m x  t u  
e z 

O d Q O O O P I O d ~ Q N  

r. r. r. r. PI- w r .  PL 

0 0 0 0 0 0 0 0 0 0 0 0  

a a n LP. d m ..+m - m a Q _ - . - . . - - . . . -  

378 



.. 

f 
u 
U s -  

0 
- 2  
-I 
UT IL 

UT 
L 

n d n t  o d n m o o n  N o m w m m m m m c m w m  n a m  t O ~ N ~ Q  m 'I ut 0000  0 0 0 0 0 0 0 0  
. . . . . . . . I . . .  . . . .- . . . . . . .  

379 



.e 
z 4 
s 
n 
W 
W 

v) 

0 
N * 
0 
rl --U. 

+ S  

O U  #-e 

380 



0 z 

n n m  v n m ~  r ( ~ 1 - 0 . m  
m rn Q tn m Q o N N VI 0 0 1  
n n m  n ; ~  r( d n o Q on - - - . . * - - . - _ -  
0 0 0 0 0 0 0 0 0  000 

x c ~ ~ n m r ) o d ~ - a d n o  
0 N N N . + W Q U N O V I r ) r )  

>-I . r . r r * i l . .  . . . 
<Lr N N N N d O O d N N N N  
U 0 -  
72 s- 
3 

2 
w a 

O Q Q 0 0 0 0 0 0 0 0 t m  
NNNNNNNNNNNN 

-10 .. - 1  ... . . . . . 
u l w  nnnnnnr)nnnnn 
ulul 0 0 0 0 0 0 0 0 D ~ ~ 0  
x a  - 0 0 0 0 0 0 0 0 0 0 0  zrn 

381 
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LISTING OF TASK 11 STAGE UNDISTORTED 
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APPENDIX G 

LISTING OF TASK I1 STAGE RADIAL 
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D I  STRI BUT1 ON LI ST 

1. NASA-Lewis Research Center 
21000 Brookpark Road 
Cleveland, Ohio 44135 
Attent ion : 

Report Control Off ice 
Technical U t i l i z a t i o n  Off ice  
Library  
F lu id  System Components Division 
Pump and Compressor Branch 
D r .  B. Lubarsky 
A. Ginsburg 
M. J. Hartmann 
W. A. Benser 
D. M. Sandercczk 
L. J. Herr ig  
T.  F. Gelder 
C. L. B a l l  
L. Reid 
5. E. D i l l ey  
S. Lieb le in  
C. L. Meyer 
J. H. Povolny 
A. W. Goldstein 
J. J. K r a m e r  
W. L. Beede 
C. H. Voit 
E. E. Bailey 

MS 5-5 
MS 3-19 
MS 60-3 
Ms 5-3 
MS 5-9 
Ms 3-3 
Ms 5-3 
Ms 5-9 
Ms 5-9 
Ms 5-9 
Ms 7-1 
Ms 5-9 
Ms 5-9 
Ms 5-9 
MS 500-309 
MS 100-1 
Ms 60-4 
Ms 60-4 
M S  7-1 
Ms 7-1 
Ms 5-3 
Ms 5-3 
Ms 5-9 

2. NASA S c i e n t i f i c  and Technical Information F a c i l i t y  
P.O. Box 33 
College Park, Maryland 20740 
Attent ion:  NASA Representative 

3. FAA Headquarters 
800 Independence Ave., S.W. 
Washington, D.C. 20553 
Attention: Brig.  General J. C. Maxwell 

F. B. Howard 

4. NASA Headquarters 
Washington, D.  C. 20546 
Attent ion:  N. F. Rekos (RAP) 

5. U.S. Army Aviation Mater ia l  Laboratory 
For t  Eus tes  , Virg in ia  
Attent ion:  John White 
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2 
1 
6 
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6. Headquarters 
Wright Pa t te rson  AFB, Ohio 45433 
Attention: J. L. Wilkins, SESOS 

S. Kobelak, APTP 
R. P. Carmichael, SESSP 

7. Department of Navy 
Bureau of Weapons 
Washington, D. C. 20525 
Attention: Robert Brown, RAPP14 

8. Department of Navy 
Bureau of Ships 
Washington, D. C. 20360 
Attention: G. L. Graves 

9. NASA-Langle: Research 
Technical Library 
Hampton, Vi rg in ia  23365 
Attent ion:  Mark R. Nichols 

John V.  Becker 

10. The Boeing Company 
Commercial Airplane Group 
Attention: G.H. Schott  
Organization: 6-8410, M. W.  73-24 
P.O. Box 3707 
S e a t t l e  , Washington 98124 

11. Douglas Aircraf t  Company 
3855 Lakewood Boulevard 
Long Beach, Ca l i fo rn ia  90801 
Attention: J. E. Merriman 

Technical Information Center C1-250 

12. P r a t t  & Whitney Aircraft 
F lor ida  Research & Development Center 
P.O. Box 2691 
West Palm Beach, F lor ida  33402 
Attention: R. A. Schmidtke 

H. D. S te t son  
J. M. S i l k  
W .  R. Alley 
R. W. Rockenbach 
B. A. Jones 
B. S. Savin 
J. A. F l igg  
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13. P r a t t  & Whitney Aircraft 
400 Main S t r e e t  
E a s t  Hartford,  Connecticut 
Attent ion:  R. E. Pa l a t ine  

T. G. S la iby  
H. V. Marman 
M. J. Keenan 
B. B. Smyth 
A. A. Mikolajczak 
Library (UARL) 

14. Al l i son  Divis ion,  GMC 
Department 8894, P l an t  8 
P.O. Box 894 
Indianapol i s ,  Indiana 46206 
Attent ion:  J. N. Barney 

G. E ,  Holbrook 
B. A. Hopkins 
R. J. Loughery 
Library 
J. L. D i l l a rd  
P. T r a m  

15. Northern Research and Engineering 
219 Vassar S t r e e t  
Cambridge 39, Massachusetts 
Attent ion:  K. Ginwala 

16. General E l e c t r i c  Company 
F l i g h t  Propulsion Divis ion 
Cincinnat i  15, Ohio 
Attent ion:  J. W. Blanton E-206 

W. G. Cornel1 K-219 
D. Pr ince H-79 
E. E .  Hood/J. C. P i r t l e  J-165 
J. F. Klapproth H-42 
J. W .  McBriae H-44 
L. H. Smith H-50 
S. N .  Suciu H-32 
J. B. Taylor J-168 
Technical Information Center N-32 
Marlen Miller H-50 
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17. General Electric Company 
1000 Western Avenue 
West Lynn, Massachusetts 
Attention: D. P. Edkins - Bldg. 2-40 

F. F. Ehrich - Bldg. 2-40 
L. H. King - Bldg. 2-40 
R. E. Ne i t ze l  - Bldg. 2-40 
D r .  C. W .  Smith Library - Bldg. 2-40M 

18. Curtiss-Wright Corporation 
Wright Aeronautic a1 
Woodridge , New Jersey  
Attent ion:  S. Lombard0 

G. Provenzale 

19. A i r  ResearcP Manufacturing Company 
402 South 38th S t r e e t  
Phoenix, Arizona 85034 
Attent ion:  Robert 0. Bullock 

John H. Deman 

20. A i r  Research Manufacturing Company 
8951 Sepulveda Boulevard 
Los Angeles, Ca l i fo rn ia  90009 
Attention: Linwood C. Wright 

21. Union Carbide Corporation 
Nuclear Divis ion 
Oak Ridge Gaseous Diffusion P lan t  
P. 0. Box "P" 
Oak Ridge, Tennessee 37830 
Attention: R. G. Jordan 

D. W .  Burton, K-1001, K-25 

22. Avco Corporation 
Lycoming Divis ion 
550 South Main S t r e e t  
S t r a t f o r d ,  Connecticut 
Attention: Clause W. Bolton 

23. Teledyne C a e  
1330 Laskey Road 
Toledo, Ohio 43601 
Attent ion:  E l i  H. Benstein 

Howard C. Walch 
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24. So la r  
San Diego, Cal i forn ia  92112 
Attention: P. A. P i t t  

M r s .  L. Walper 

25. Goodyear Atomic Corporation 
Box 628 
Piketon, Ohio 
Attent ion:  C. 0. Langebrake 

26. Iowa S t a t e  Universi ty  of 
Science and Technology 

A m e s ,  Iowa 50010 
Attention: Professor  George I(. Serovy 

Department of Mechanical Engineering 

27. Hamilton Standard Divis ion of 
United Aircra.- t Corporation 

Windsor Locks, Connecticut 
Attent ion:  M r .  Car l  Rohrbach 

Head of Aerodynamics and Hydrodynamics 

28. Westinghouse Electric Corporation 
Small Steam and Gas Turbine Engineering B-4 
L e s t e r  Branch 
P. 0. Box 9175 
Phi ladelphia ,  Pennsylvania 19113 
Attention: MI-. S. M. DeCorso 

29. J. Richard Joy 
Supervisor,  Analyt ical  Sect ion 
W i l l i a m s  Research Corporation 
P. 0. Box 95 
Walled Lake, Michigan 

30. Raymond S. Poppe 
Building 541, Dept. 80-91 
Lockheed Missile and Space Company 
P. 0. Box 879 
Mountain V i e w ,  Ca l i fo rn ia  94040 

31. James D. Raisbeck 
The Boeing Company 
224 N . W i  lk inson 
Dayton, Ohio 45402 
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32. James Furlong 
Chrysler Corporation 
Research Off ice 
Dept. 9000 
P. 0. Box 1118 
D e t r o i t ,  Michigan 48231 

33. E l l i o t t  Company 
Jeannet te ,  Pennsylvania 15644 
Attention: J. Rodger Schie lds  

~ Director-Engineering 

34. R. H. Carmody 
Dresser I n d u s t r i e s  Inc.  
Clark Gas Turbine Divis ion 
16530 Peninsula Boulevard 
P. 0. Box 9989 
Houston, Tc.xas 77015 

35. Ca l i fo rn ia  I n s t i t u t e  of Technology 
Padadena, Ca l i fo rn ia  91109 
Attent ion:  Professor  Duncan Rannie 

36. Massachusetts I n s t i t u t e  of Technology 
Cambridge, Massachusetts 02139 
Attent ion:  D r .  J. L. Kerrebrock 

37. C a t e r p i l l a r  Trac tor  Company 
Peor ia ,  I l l i n o i s  61601 
J. Wiggins 
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